Several bacterial isolates were characterized based on their abilities to degrade specific polychlorinated biphenyls (PCBs) and their 16s rRNA gene sequences. The members of one group of bacteria consisting of Alcaligenes species, including the PCB-degrading bacterium Alcaligenes eutrophus H850, had strong abilities to degrade a broad range of PCBs but not the di-para-chlorine-substituted congeners. The members of another group, which included the PCB-degrading bacterium originally classified as Corynebacterium sp. strain MB1, had strong abilities to degrade di-para-chlorine-substituted PCBs. These bacteria were most likely different members of Rhodococcus species.
nase attack, followed by a second dioxygenase oxidation that results in cleavage of one of the biphenyl rings (8). The primary products of this pathway are the corresponding chlorobenzoic acids, which are slowly metabolized by some of the strains, as well as various other bacteria in the environment.
Bacterial strains were grown in 20 ml of a phosphate-ammonium salts (PAS) medium (2) in 50-ml shake flasks for 24 to 48 h at 30°C on a rotary incubator-shaker. Cells were harvested by centrifugation (2,000 X g) and resuspended in 50 mM sodium phosphate buffer (pH 7.4) to an optical density at 615 nm (AGl5) of 1.0. Aliquots (1 ml) were dispensed into 2-dram (ca. 7.4-ml) vials with Teflon-lined caps, and this was followed by the addition to each vial of 10 p1 of one of three different PCB congener stock mixtures dissolved in acetone as a 100X-concentrated solution. Each PCB mixture contained 10 to 15 of the congeners shown in Table 1 and always included a nonbiodegradable PCB congener (2,4,6,2',4'-chlorobiphenyl [2,4,6,2',4'-CB]) which was used as an internal standard. The final concentration of each PCB congener in the culture medium was 5 pM. The resting cell assay mixtures in the 2-dram vials were incubated horizontally at 30°C for 24 h on a rotary incubator-shaker at 250 rpm. Killed culture controls were incubated in parallel; these controls contained 10 pl of 70% perchloric acid before the PCBs were added. Each of the live assays was stopped by adding 10 pl of 70% perchloric: acid. All cultures were extracted in the same vials with 4 ml of a 50:50 ether-hexane mixture by shaking them overnight on a reciprocating shaker. The PCB-containing solvent was removed and analyzed by gas chromatography with electron capture detection, using either a 30-m Durabond-1 capillary column (J & W Scientific) or a 30-m SB-Octyl-50 capillary column (L,ee Scientific, Salt Lake City, Utah). The PCBs were quantified by normalization to the nonbiodegradable congener (2,4,6,2',4'-CB) after single-point calibration with the acid-killed control cultures.
Amplification, sequencing, and analysis of 16s rRNA genes. The DNA used as a template for amplification of the 16s rRNA gene of each bacterial culture was obtained by cell lysis performed by repetitive freezing (solid CO,) and thawing (80°C water bath) in a 50 mM Tris buffer titrated with EDTA to pH 7.8. The nearly full-length 16s rRNA gene of each strain was amplified from the cell lysate by performing a I T R with primers that match the ends of the 16s rRNA genes of most bacteria (primers fD1 and rP2 as described by Weisburg et al. [17] ). The PCR was performed by using a GeneAmp kit and the hot-start technique with Ampliwax beads as recommended by the manufacturer (Perkin-Elmer Cetus, Norwalk, Conn.).
Regions of the 16s rRNA gene were sequenced by using primers complementary to the ends of the gene and two primers complementary to one of the hybridizing sites (Escherichia coli 16s rRNA positions 519 to 536) of the "universal" smallsubunit rRNA primers (10). Between 190 and 230 bases of DNA sequence were determined twice for each of the four regions of the 16s rRNA genes that were sequenced. Approximately 780 and 880 unambiguous positions of the total gene (-50% of the gene) were used for phylogenetic analyses of the gram-negative and gram-positive isolates, respectively. DNA sequencing was performed by labeling the PCR primers with [ Y -~~P I A T P and using an AmpliTaq cycle sequencing kit (Perkin-Elmer Cetus). The DNA sequences were aligned, and phylogenetic analyses using parsimony (computer analysis of the data using PAUP 3.1.1 software) were performed for sections of the 16s rRNA genes of the isolates used in this study and species in the RDP database (11).
Comparison of the DNA sequences and the PCB-degrading abilities of the bacterial strains. Degradation of specific PCB congeners is one method by which PCB-degrading environmental isolates are distinguished. Using a resting cell assay for discriminating PCB-degrading ability, Bedard et al. (2) concluded that strains H850 and LB400 have superior PCB-degradative abilities. Table 1 shows that bacterial isolates 2A42, 2A2, and 2AV differ slightly from each other, H850, and LB400 in their abilities to degrade PCB congeners containing di-ortho-chlorines (2,6-CB, 2,6,4'-CB, etc.), di-para-chlorines (4,4'-CB, 2,4,2',4'-CB, etc.), and penta-and hexachlorines (8). All these bacterial strains degrade an unusually broad range of PCB congeners compared with most other isolates and are grouped in a class with H850 and LB400 based on their biphenyl dioxygenase activity (1) . In particular, the inabilities of 2A42, 2A2, and 2AV to degrade di-para-chlorinated congeners (i.e., 4,4'-CB and 2,4,4'-CB) compared with the degradation observed with strains 2N40, 6S48, and MB1 distinguish 2A42, 2A2, and 2AV as "H850-like" bacteria.
The PCB-degradative ability of strain MB1 has placed this bacterium in a class separate from H850 (1, 3) . This distinction is made on the basis of the ability of MB1 to degrade 4,4'-CB and 2,4,4'-CB to a greater extent than H850 and LB400 degrade them and its inability to degrade 2,5,2',5'-CB. Therefore, the extensive degradation of 4,4'-CB and 2,4,4'-CB by strains 6S48 and 2N40 (Table 1 ) distinguishes these organisms from the H850-like strains and puts them in a class with MBl ("MB1-like" bacteria), even though their PCB-degradative abilities are not as great as that of MB1. This grouping is also supported by the studies of the biphenyl dioxygenase operon performed by Ritchie and coworkers, who demonstrated by using nucleic acid hybridization that 2A2 has a biphenyl dioxygenase cluster of genes that are very similar to the genes in LB400 and H850 and very distinct from the genes in MB1 and the MBl-like bacteria (14). The PCR products from amplification of the 16s rRNA genes of isolates 2A42, 2A2, 2AV, 6S48, and 2N40, A. eutrophus H850 (3), Corynebactenum sp. strain MB1 (3), and Arthrobacter sp. strain M5 (7) were analyzed and purified by electrophoresis in an agarose gel. The expected -1,500-bp 16s rRNA gene of each microorganism was observed. In addition, an -1,100-bp band was observed with isolates 2A42, 2A2, and 2AV, which suggests that these bacteria are more closely related to each other than to H850.
The DNA sequences of regions of the 16s rRNA gene of each of the bacterial isolates provided data about how the microorganisms are related to each other and to bacteria in the RDP database. The 16s rRNA gene sequence ofA. eutrophus H850 (3) was nearly the same (level of similarity, -99%) as the sequence ofA. eutrophus in the RDP database (1 1). The H850-like isolates (2AV, 2A2, and 2A42) had identical DNA sequences. Hence, it is likely that these organisms are different strains of the same bacterial species. A comparison of the 16s The DNA sequences of the 16s rRNA genes of Corynebacterium sp. strain MB1 and Arthrobacter sp. strain M5 were identical. Bedard and coworkers (3) could not rule out the possibility that these bacteria were identical since Arthrobacter and Corynebacterium species have similar characteristics according to Bergey's Manual of Systematic Bacteriology ( 5 ) and both were isolated from the same coculture containing Acinetobacter sp. strain P6. In contrast, Pkloquin and Greer concluded that Arthrobacter sp. strain M5 is an Arthrobacter sp. and not a Corynebacterium sp. because they observed that it had a rod-coccus cell cycle (13). The data from this study and the data of Bedard et al. (3) suggest that MB1 and M5 are members of the same genus and quite possibly the same species.
Phylogenetic analysis of HSSO and the HSSO-like bacteria. A phylogenetic analysis of the 16s rRNA data for strain H850, the H850-like bacteria, and selected species belonging to the p subdivision of the Proteobacteria produced the dendrogram shown in Fig. 1 . This comparison was made to determine the species in the eubacterial kingdom to which H850 and the H850-like bacteria are most closely related and to determine how closely the two taxa are related to each other. The phylogenetic analysis (Fig. 1) indicated that the H850-like bacteria are more closely related to Alcaligenes xylosoxidans than to A. eutrophus. This result is in agreement with the results of the biochemical analyses of the HMO-like bacteria that were performed with the Biolog GN Microplate assay; this assay revealed that some of the H850-like bacteria were a very good or excellent match with A. xylosoxidans subsp. denitrifcans. In addition, the dendrogram in Fig. 1 is very similar to a dendrogram in the section on the genus Alcaligenes in Bergey's Manual (9). The data used to produce the dendrogram in Bergey's Manual was obtained from thermal denaturation curves for DNA-rRNA hybrids of the rRNA cistrons.
Phylogenetic analysis of MB1 and the MB1-like bacteria. A phylogenetic analysis of the 16s rRNA data for MB1 and M5, the MB1-like bacteria, and selected species belonging to the high-G+ C-content subdivision of the gram-positive bacteria in the RDP database resulted in the dendrogram shown in Fig. 2 . We determined that MB1, M5, 6S48, and 2N40 are closely related to several species of the genus Rhodococcus. In particular, MB1 and M5 are most closely related to another PCBdegrading isolate, Rhodococcus sp. strain RHAl (12, 15) . Set0 et al. (15) reported that RHAl exhibits good degradation activity with both ortho-and para-chlorine-substituted PCB congeners, which is comparable to the PCB-degradative activities of MB1 and the other MB1-like bacteria (Table 1) . From this phylogenetic analysis, we concluded that MB1, M5, 6S48, and 2N40 are not members of Corynebacterium or Arthrobacter species but instead are members of Rhodococcus species.
The PCB-degrading bacteria isolated from Hudson River sediment and described in this report can be classified into two groups based on their abilities to degrade specific PCB congeners. The biochemical characteristics and the DNA sequences of the 16s rRNA genes of these isolates also put them in two different genera, Alcaligenes and Rhodococcus. Strain H850 and the H850-like isolates, which have strong abilities to degrade a broad range of congeners but not the di-para-chlorinesubstituted PCBs, are members of the genus Alcaligenes. Strain MB1 and the MB1-like isolates, which have strong abilities to degrade di-para-chlorine-substituted PCBs, appear to be members of Rhodococcus species. A consistency was observed with the criteria used, which suggests that the members of each of the two groups of bacteria contain distinct enzyme activities for specific PCB congeners. Further understanding of the evolutionary relationship of these groups might provide insight on the evolutionary relationship of their PCB-degradative abilities.
Nucleotide sequence accession numbers. The sequences of regions of 16s rRNA genes determined in this study have been deposited in the GenBank database under the following accession numbers: A. eutrophus H850, U68708; strains 2AV, 2A2, and 2A42, U68709; strains MB1 and M5, U68710; strain 2N40, U68711; and strain 6S48, U68712.
